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ABSTRACT

In the last four years, Astilleros Espanoles S.A
(AESA) hasconpl eted the inmplamentation of its Shipbuil-
ding Industrial Model based on the use of a Product Werk
Breakdown Structure for each new construction shipyard.
As a logical development of this model, a new Production
Control System has been built using Earned Value Techni-
ques. This article describes the state of the inplementation
of this production control system

First, the basic structures of the Shipbuilding Model
are defined as:

- Product Wrk Breakdown Structure of each Ship under
construction

- Process Breakdown Structure of the Shipyard and :

Organizational Breakdown Structure.

A'so described is how these structures are reflected in
the basic logical concepts of the Production Control System
product, process, organization, control accountsand control
points, (by product processor orgnization), work pack-
ages and work orders.

The functional description of the Production Control
System is explained. Some examples of outputs are presen-
ted stressing the method of result analysis prepared for each
responsibility level of the shipyard, general manager, pro-
duction manager, shop and production unit managers.

Next ,the development of the implementation phase in
one test corporate shipyard is described, as well as the main
problems found and the way in which they have been
solved.

Final |y, some conclusions about the Production Control
System are presenteted, together with several future planned
developments for the system.

NOMENCLATURE

ACWP Actual Cost of WorkPaf ormed
AESA Astilleros Espanoles S. A

BAC Budget at Compl etion

BCWP Budgeted Cost of Wrk Perforned
BCWS Budgeted Cost of Work Scheduled
CCA Cost Control Account

CPI Cost Paformance Index

CSC Cost Schedul e and Control System

N
oo
[

[

EAC Estimate at Completion

IEAC Independent Estimate at Completion

NSRP National Shipbuilding Resear ch Pro-
gram

0BS (Organi zational Breakdown Structure

PAM Process Assignment Matrix

PBS Process Breakdown Structure

PI MET Plan Integral de Mejoras en Tecnol ogia
(Integrated Technol ogy Improvenent
Pl an)

POAM Product Assignment Matrix

PWBS Product work Breakdown Strcture

TCPI To conplete Performance Index

Wo work order

WP Wrk Package

| NTRODUCTI ON

inthe last four years, an inportant effort has been
conpleted design, develop and inpl ement a Shipbuil ding
Industrial Mdel, based on the use of zone and stage
prediction technology, flexible production planning and
scheduling, and product oriented breakdown stcture s
anecessary development for this industrial model, a specific
project was started with the target to design and implement
anew Production Control System, based on the application
of these related techniques and the use of Earned Value
concepts.

For this purpose, a specific teamwas created, which
assumes as its basic target the modification of the conven-
tional "Activity' concept tothenew 'Product’ concept

Thi s team connection with the factory production
team, developed a new production organization process,
based on the of interim products as planning and sched-
uling units. Each Interim Product takes the place of an old
activity planning element and introduces a new relation-
ship between the three basic elements related to the produc-
tion frame

- Product as the element to be done,

- Process, as the way to produce using Group Tech-
nology rules, and
Organization, as a specific group in charge of getting
the product finished.
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Figure 1.A sample Product Work Breakdown Structure

The second basic concept, Earned value, introduces a
complementary innovation on the conventional production
control, in the fact that the production progress is measured
by the individual progress of each product scheduled.
Eaned vaue concepts and methods are not described, since
they are well known and enough bibliography exists on
them. What is shown is their practical application to new
construction control in shipbuilding

The use of Group Technology concepts, allows, be-
sides a better industrial production performance, a more
accurate estimation of future results, based on actual
performances for each considered group. The relationship
between product process and production units (Organi-
zation) has been established under the rules of Group
Technology.

The new Production Control System changes the old
concept of ‘results measurement’ to the new ‘production
Management’, providing continuous information on cost and
schedule variations on each product, at each product level
considered, and a complete analysis of production perfo-
rmance and productivity parameters.

28-2

This project is included in a larger Productivity anc
Compedtitiveness Improvement project which has its origir
in the PIMET project (Plan Integral de Mej oras en Tecno-
logia or Integrated Technology inprovement Plan), per-
formed along the last five years, using some ideas the
Nat i onal  Shipbuilding Research Progme (NSRP) programes
and documentation.

THE PRODUCT ORIENTED WORK BREAKDOWN
STRUCTURE

It is not considered necessary to redefine the Interim
Product concept that has been very well established in the
NSRP papers. In this paper only will be described the way
this concept has been taken and applied to commercial
shiphuilding, like a sophisticated 0i | carrier.

In the begining of the project a Product oriented
Work Breakdown Structure (PWBS) was devel oped for a
shuttle oi| carrier, that vas being built in the test ship
Each finished element vas detined as a ‘product’ integrating
steel and outfitting works, whose integration with other



products, or elemental components, produces a new and
more complex product Fi gure 1 shows thi s basic concept
which is applicable to any other ship.

Following this, any product at any level can be identi-
fied, and each of these products can be taken as ‘control
point’ selecting the most convenient level in accordance to
production control needs.

THE PROCESS BREAKDOWN STRUCTURE

The fol owing step was the production process iden-
tification and definition. Process is defined as the way to
produce a specific product or element applying Group
Technology concepts. Each shipyard hasits own Process
Flow, and its own Process definition

This process structure defines the Shipyard Production
Structure through the identification of their Production Pro-
cesses, all characterized by Group Technol ogy concepts.

The main characteristics considered in the process
definition arethat it be:

Group Tecnology based,
Clearly identified and
Stable in efficiency parameters.

Under these concepts, the Process Breakdown Stuc-
ture ( PBS) of each shipyard has been developed, taking into
account the functional differences, and the specificity of
each of them. Figure 2 describesthe basic scheme of these
breakdown structures.
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Figure 2. A sample of Process Breakdown Structure

sanexample of a third level definition Technological
Fanily, Table | shows the considered Technol ogical Family
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of the sted processesin the test shiyard.

A very-simple nunerical codification systemhas been
used to easily identify processes In general terms, to pro-
duce a specific product it is necessay to perform tasks be-
longing to several processes.

Each process is assigned one or several units directly
related to the amount of work required to carry out the task.
For instance, the numbers of thin and thick pipes are con-
sidered reasonable units for the estimation of work for an
outfitting job (e.g. welding pipes of welding thicknesses),
that has been defined as a process at a certain level.

THE ORGANI ZATI ONAL BREAKDOWN STRUC-
TURE

The Organizational Breakdown Structure (OBS) de-
scribes the structural organization of each Fact ory, and
shows the different responsibility levels. This is a typical
GBS, and in general terms is the same for all corporate
shipyards Figure 3 show a typical OBS of a shipyard

[n this structure Production Unit is defined as a work-
shop or a workshop part, with facilities and utilities espe-
cially arranged for one or more technol ogical processes,
wth Professionally trained Wrkers, and with their om
process specifications, pr oduct i on procedures, di mensi onal
accuracy systems, quality procedures and controls.

Each production unit is specialized in one or nore
proceses, and produces one or more types of interim Pro-
ducts, under the most convenient production conditions, and
wth the best production perfomances. It is also possiile
for sinilar products to be made in two or nore production
units, with equal or simlar processes, but normally the
production performnces are not equal.

THE PROCESS ASSIGNMENT MATRIX

Qrossing two basic structures, the Process Breakdown
and the Organizational Breakdown Structures, a Process
Assignment Matrix is obtained defining for each produc-
tion unit the processesthat the unit performs. Another |ayer
of the matrix defines production performances expected of
each production unit and specific process.

To estimate the required manhours for a given task
two steps are followed First, the quantities of the chosen
units are deternined Second an expected efficiency for
each unit of neasurement at the production unit is applied
This effciency is taken is previous experience of the
Yard, taking into account the procedural modifications to be
made in each particular case.

This matrix enables one to plan the nost convenient
way to produce interim products or elementsfor each
project in accordance with the work charge of the different
workshops. Also provides an easy procedure to determine
the differential costs derived from changes in the work
assignments.
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TECHNOLOGICAL FAMILIES, PROCESSES AND GROUP IDENTIFICATION

GROUP | PROC. | TECH. DESCRIPTION UNIT1 UNIT2 PARAM. | PARAM.
FAMILY 1 2
4 Steel
4.1 Pre-elaboration
4.1.01 | Sheet Pre-elaboration Ton(gross) Hrs/ton
4.1.02 | Shape Pre-elaboration Ton(gross) Hrsfton
4.2 Cutting ]
4.2.01 | Sheet cutting for sub-assemblv Ton(met) | m. Hrsfton Hrs/m.
4.2.02 | Sheet cutting for assemblies Ton(net) | m. Hrs/ton | Hrs/m.
4.2.03 | Shape cutting for sub-assembly | Ton (net) | #parts Hrs/ton Hrs/part
4.2.04 | Shape cutting for flat panels Ton(net) | #parts | Hrsfon | Hrs/part
4.2.05 | Shape cut & bending Ton(net) | #parts Hrs/ton Hrs/part
4.3 Bending
4.3.01 | Sheet bending (stmple) Ton (net) | #parts Hrsfton | Hrs/part
4.3.02 | Sheet bending (normal) Ton (net) | #parts Hrsfton | Hrs/part
4.3.03 | Sheet bending (complex) Ton(net) | #parts | Hrston | Hrs/part
4.4 Sub/sub assembly production
4.4.01 | Automatic sub/sub assembly line | Ton(net) | Weld m. | Hrsfton | Hrs/m.
4.4.02 | Sub/sub assembly line Ton(net) | Weld. m. | Hrsfton | Hrs/m.
4.5 Panel fabrication '
4.5.01 | Flat panel assembiy Ton(net) | Weld. m. | Hrston | Hrs/m.
4.5.02 | Shape inserts. Ton(net) | Weld. m. | Hrs/ton | Hrs/m.
4.5.03 | Curved pane] assembly Ton(net) | Weld m._ | Hrston | Hrs/m.
4.6 Subassembly fabrication
4.6.01 | Flat subassembly line Ton(net) | Weld. m. | Hrs/ton | Hrs/m.
4.6.02 | Curved subassembly line Ton(net) | Weld. m. | Hrston | Hrs/m.
4.6.03 | Special subassembly line Ton(net) | Weld. m. | Hrs/ton | Hrs/m.
4.6.04 | P/p subassembly line Ton(net) | Weld. m. | Hrs/ton | Hrs/m.
4.7 Sub block prefabrication
4.7.01 | Simple flat sub block prefab. Ton(net) | Weld. m. | Hrs/ton | Hrs/m.
4.7.02 | Normal flat sub block prefab. Ton(net) | Weld. m. | Hrs/ton | Hrs/m.
4.7.03 | Complex flat sub block prefab. Ton(net) | Weld. m. | Hrs/ton | Hrs/m.
4.7.04 | Simple curved sub block prefab. | Ton (met) | Weld. m. | Hrsfton | Hrs/m.
4.7.05 | Normal curved sub block prefab. | Ton (net) | Weld. m. | Hrs/ton Hrs/m.
4.7.06 | Complex curv. subblock prefab. | Ton(net} | Weld m. | Hrs/ton Hrs/m.
4.7.07 | Special curved sub block prefab. | Ton (net) i Weld. m. | Hrs/ton Hrs/m.
4.8 Sub block prefabrication __
4.8.01 | Simple flat block prefab. Ton(net) | Weld. m. | Hrsfton | Hrs/m.
4.8.02 | Normal flat block prefab. Ton (net) | Weld. m. | Hrs/ton Hrs/m.
4.8.03 | Complex flat block prefab. Ton (net) | Weld. m. | Hrs/ton | Hrs/m.
4.8.04 | Simple curved block prefab. Ton (net) | Weld. m. | Hrs/ton Hrs/m.
4.8.05 | Normal curved block prefab. Ton(net) | Weld. m. | Hrs/ton | Hrs/m.
4.8.06 | Complex curved block prefab. Ton (net) | Weld. m. | Hrsfton Hrs/m.
4.8.07 | Special curved block prefab. Ton (met) | Weld. m. | Hrs/ton Hrs/m.
4.8.08 | Superestructure block prefab. Ton(net) | Weld. m. | Hrs/ton | Hrs/m.

Table1. A sample of technological families and measurement units for steel manufacturing processes
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Figure 4. A sample of a Product Assignment Matrix

THE PRODUCT ASSIGNMENT MATRIX

The second matrix developed, is the Product Assign-
ment Matrix, crossing the project Product Work Breakdown
Structure with the Process Assignment Matrix. The project
PWBS shows, for each specific ship under construction, all
interim products that must be done for this ship. Crossing
this PWBS, for each one of the products, with the Process
Matrix, it is possible to determine:

- What Products will be made,
- What Process will be applicable,
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What Production Unit will be in charge, and
How much will it cost.

This matrix answers the four basic questions raised
What?,

How?,

Who?, and

How much?.

An example of this matrix is shown in Figure 4. Fror

this matrix it is possible to define all the control points, a
well as to determine all the work packages.



WORK  PACKAGE

The Work Package (WP) is defined as the amount of
work of a process to be done by a production unit to obtain
a product. That means that a finished product is the sum of
different work packages, each work package belonging to
a specific process and a prediction unit

Using the No assignment matrices previously devel-
oped, it is possible to define the work packages for each
product taking into account the following basic rules:

Each WP only belongs to a Product

Each WP only belongs to a specific process,

Each WP contains a predefine work contents and its
corresponding budget

Each WP must be scheduled,

Each WP only belongs to a specific Production Unit
and must have only one person in charge,

The size and duration of each WP only depends on the
characteristics of the work involved and the conve-
niencesfor i ts control .

Fiwe5 shows a typical definition of work packages
for a product Also Figure 6 shows the code used in the test
shipyard to describe each VIP.

WORK CRDER

A Vork Order (WO is the interface of the System
with the shop. A WO contains the technical description and
the time frame for specific task of a certain process, to be
performed by a production unit.

A work order is the lowest level control element used
in this Production Control System and is the basic element
in calculating performance and conducting the production
process.

Some important characteristics to be considered when
defining work orders are listed below.

A WO isalogical work unit to be executed by a
production unit in a practical and reliable manner.

A WO must have a logical start and termination, be-
cause it is the basic measure for the progress of the
project, When the order is completed there should not
be any doubt as to the work accomplished For this
reason, the WO must be defied in utmost detail with
reference to the work content and extent, including all
corresponding technical information as well as specia
ingtructions, material list, pallet list etc.

A WO must have a short duration normally no more
that two weeks and a small work content, not more
usually than 200 man-hours.

A WO must not be stopped when it has been started.
A WO must be done in the exact way that has been
planned. If necessary changes must be made, it is

28-7

better to cancel the WO and produce a modified new
one.

Precision in deifining work orders, as well as accuracy
in capturing results is the key for areliable system, and a
reliable estimation of fina results.

This prodution control system has defined the fol-
lowing Wo types.

- Normal or typical WO, belongsto an unique WP. Itis
a part of the WP, with a clear definition of the tasks it
includes, so that its completion is easily checked AU
the task in the WO belong to the same process than
the WP. This type of WOs represent the majority of
edited Work orders.

- Distributed is one WO which belongs to two or more
WPs, always made by the same production unit. Its use
IS restricted to WPs With Small Work Contents WhOSe
individual control is difficult

- Sanvice, sone WO corresponding to support works.
The hours charged to these WOs are distributed among
all the WOs being in execution during their duration
period

Normal and distributed WOs may be subcontracted,
and the program contains a specific module to deal with this
Stuation.

Figure 7 shows the form used to define and edit WOs
in the test shipyard

There are three important criteria applied to the WO
definition.

- There should be, as a minimum, one Work Order for
each Work Packge.

- The sum of WO budgets for each WP should be equal
to the WP budget including those distributed WOs
dated to the WP.

- The sum of WO work contents for WP should also be
equal to the WP work content, including the distributed
WOs related to the WP. The schedule of a WO must
also be coherent with the schedule of the WP (WPs, in
case it is distributed) ii-em which it is derived

In summary, the WO represents an unmistakable work
unit which must be performed without disturbances, and
under the supervision of a unique responsible person. As
the WO has an identified work content, it must have a
fixed budget and an integrated schedule.

COST CONTROL ACCOUNTS

Cost Control Accounts (CCA) represent the visible
expression of the Control Points, and allows the manage-
ment of the different project parts by the way that the
Project has been divided
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L1 13 1
UCH, JUOH, ,UOH,

UNIT

CODE

QUANTITY

PARAMETER

TOTAL

SHORT DESCRIPTION

DETAILED DESCRIPTION

WORK PACKAGE SCHEDULE.

BUDGET DISTRIBUTION METHOD.

START,
FINISH .

1.- LINEAL
2.- FIX PERIODS.(X BUDGET & 5¢% PERIOD)
3.- SPCIFIC BUDGET CURVE

MADE BY:
DATE:

APROYED BY:
DATE:

CHANGED BY:
DATE: H
APROYED BY:

BAR n°

PER

3

QUANTITY

SOONMNDWN -~

—

ARRRRRERE
R e
NEENERENE!
e R Y
AERERENRR
NERRRRNNE
S Y
FEEETEEEL
MNMNNNNANNSSNNS.

Figure 6. A sample form used for Work Package definifition
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ASTILLEROS ESPANOLES S.A. PRODUCTION
CONTROL
SYSTEM
WORK ORDER
l < PA oE R 333 l SHIP Number..... 333 FASE.ccco.. 4444
WOR CKAGE NUMBER..--. GROUP...evreneas 1 UUPP....... 4444
) PROCESS..ivene.. 3
[wore NU' = FAMILY.ueueeaoe. 22 BLOCK.......444¢
W SLLLILL PRODUCT eu ... . 4444 S/ZONE......4444
|WORK ORDER TOTAL BUDGET.. Hrs |
[WORK ORDER TYPE: NORMAL/DISTRIBUTED|
SHORT DESCRIPTION.
DETAILED DESCRIPTION.
WORK ORDER SCHEDULE WORK ORDER CONTENT:
START. —t VoM 1 juoM 2 [UOM 3 JUOM 4 [UOM 5 JuoM 6
FINISH. —F e — UNIT
CODE
WORK ORDER ACTUAL DATES
QUANTITY
ACTUAL START __ / _ / __ TOTAL.
ACTUAL FINISH __ / _ 7/
MADE BY REMARKS .
DATE:’
AUTORIZED BY:
DATE:
FINISHED BY:
DATE
CLOSED BY:

Figure 7. A sample form for Work Order definition

A CCA inside the system is defined by a certain selec-  produce different types of CCAs. It is possible to sum
tion of Work Packages, and different selections of WPs  the WPs belonging to a product, and have a CCA

28-10



specific product as for a process or for a production unit
The codification system for the WP, which includes charac-
terization blocks for product, processor production unit
permits al the possibilities, and renders this system flexible
and reliable.

FUNCTIONAL STRUCTURE OF THE PROGRAM

The program has been developed with modular
organization concepts. In this way it has been possible to
use some modules while others were in the development
stage. In the paragraphs that follow modules are described
in the generic order they are used when controlling a new
construction project.

Project Deftition Module

The objective of this module isto allow a user to define
a project This definition includes the specification of the
work to be performed (and of the required manpower), the
departments responsible for it and its scheduled time
distribution. The final product of this module is a perfor-
mance measurement basdline, that relates the accumulated
manpower to be used with time. This baseline may consider
the whole project or maybe built by product process,
organization or any combination of them.

I N theterms described so it is possible to state that
this module alows a user to specify for a project the Interim
Products of the Work Breakdown Structure, the Process
Breakdown Strcture, the Organizational Breakdown Struc-
ture, tie Process Assignment Matrix and finally, the Pro-
duct Assignment Matrix.

While the project progresses, a more detailed knowl-
edge is obtained about the work that is necessary for each
interim product. Typically, three situations are considered
for the project The first one has available the information
that is generally known at the time a contract takes effect.
The second situation considers the information at the time
the building strategy is fixed and the third one has available
al the information contained in the detailed design.

The specification of a project may be done at any of the
situations refereed to. The later in a project life the more
detailed the information will be. Then it is possible to build
Work, Process and Organizational Breakdown Structures,
and Process and Product Assignment Matrixes for each of
these situations, although the level of detail will vary.

The monitoring of performance is carried out at the
most detailed level, in order to obtain maximum accuracy.
However, it has been considered useful to include in the
module the possibility of specifying the project at the initial
levels, with two objectives

To distribute the budget entirely and have a global
vision of a project at any time, although with a smaller
level of detail, and

- To obtain performance estimates referring to the
processes and units of measurements defined for the
initial levels, once the fina results are known. These
performance ratios are used for estimates of future
ships, thus feeding the estimation cycle with actual
results.

The result of this module is a database containing the
above mentioned structures plus the work packages for each
level of specification selected. The databases are related in
such away that, for a given product, it is always possible to
compare the work packages obtained at different levels.

The product process and organization structures are
defined as hierarchical structures. There is a set of program
utilities for the management of this kind of structures,
adlowing users to create or modify them with the minimum
restrictions to assure thelr integrity.

Another set of utilities is provided for the management
of the work packages. This allows users to create, modify,
list, graph, etc, thework packages of every database. Also
It is possible to obtain nunerical and graphical expressions
of any performance baseline by process, product or organi-
zation,

Another utility of the module allows the handling of the
managenent reserve. Exchanges between work packages
and management reserve are possible in both ways, with all
the necessary cautions to maintain the integrity of the
system. It is possible to obtain detailed reports of the
evolution of the management resrve, as well as of records
showing the nature of all changes carried out

The module allows the connection with the planning
and schedule systems in some of the shipyards. However, a
high degree of manual handling of work packages is till
needed, for at present there is not a unified approach to
planning in all the new construction shipyards using the
system.

Work Order Issuing Modul e

Wrk orders are the interface of the systemto the
shops. The production systemof the shipyard doesnot nesd
acknowledge of the Product Assignment Matrix or of any of
the structures used by the system. All work packages are
broken down (or grouped) into work orders, that are issued
to the shops approximately three weeks in advance of their
scheduled begining. It is up to the shops to prepare a
detailed programming of their work, with the orders they
have received.

The normal WO module makes sure that each WO
complies with the restrictions on the quantity of work
imposed by the work package it is related to. For distributed
athat belong to several work packages, the proportion
of effort assigned to each work package is recorded, with a
check on the suitability of the assigned workload.

The utilities included in the module allow easy hand-
ling of new or existing orders, including creation modifica-
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tion, issue, opening and closure of work orders. The module
ofers users the possibility of customzing reports on work
orders issued, or on work orders in various states of readi-
ness, such as approved but not issued, pending approval, in
F.ro.cess, due finished or closed. It is possible to
int the scope of reports in the customary way to any
combination of the product process and structure organiza-
tions. Furthermore it i's possible to obtain reports about the
orders issued for each work package, thus allowng the
controller to be aware at anytime of the degree of fulfillment
of a given work package.

Subcontracting Mdule

The systemhas a specific treatment for subcontracted
work orders. Normal and distributed work orders my be
assigned to subcontractors. They are included in the system
in every respect, although reports concerning these orders
are kept separate fromorders carried out in the sane
shipyard It is possible to obtain a combined report on
conpleted work and, once subcontacted orders are finished
to conpare their costs with simlar orders not subcon-
tracted. The definition of the building strategy includes an
estimte of the products or work packages that will be
subcontracted during the project but subcontracting is also
deci ded on the fly" to solve production problens that may
arise. The systemallows users to define work orders as
subcontracted at any time (until actual hours are charged to
the work order).

|"he issuing of subcontracted orders is simlar to that of
In-house orders, except that it is divided into Several stages,
due to the intervention of the purchasing department of the
shipyard. The initial issue of a VO, with all technical de-
tails, is returned fromthe purchasing department with
information regarding the external shop that has received
the order, scheduled dates and contract cost Vhen the VO
is completed and delivered back to the yard its status
becomes “closed” and new information about delivery date,
inspection or transportation costs, etc, is added.

Subcontracted work orders may be carried out in the
external suppliers shops or within the yard. In the former
case, no hours are charged for shipyard services, such as
movenent or WO preparation, while in the latter case
service hours are recorded and included in the cost of the
V6.

Reports sinilar to those for in-house orders are
available, plus some others regarding subcontractors by
Processes Of delivery schedule.

System Update Modul e

The main program of the module is a batch program
that is run at the end of each accounting period. Its aimis

to keep the system abreast of actual costs incurred f
tasks currently being executed. Actual Iabor cost
retreived fromthe standard personnel database ¢
Shipyard. Daily information about the hours assigr
every work order by every worker is stored in this dat

The system does not require a fixed length for ac
ing periods Nonetheless it is customary for the shipya
update the system weekly. Some shipyards make ¢
changes to the accounting periods in order to have in
tion about complete nonths.

The main functions carried out by the update |
are listed below

Integrity checking of the systemthat maybe call

anytime interactively, allovs users to analyze th

files retrieved fromthe personnel database to

inconsi stencies between these files and the ¢

dat abase

- Updating of the WO historical database with ¢
charged hours informtion for the latest accol
peri od;

- Apportionment of service hours to Work Orders
rently being executed.

- Calculation of main values for each VIP durir

accounting period Budgeted Cost of Wrk Sche

(BCWE), Budgeted cost of work Perforned (B

Actual Cost of work performed (ACWP) and S

Cost s;

HstQrical W database update,

Update of Cost performance Index (CPl) Value

Estimates at Conpletion (EAC) for each WP i

historical W database,

Update of historical databases for el ements ¢

PVBS, PBS and OBS hierarchies, and

Revision and update of all historical databases,

into account the subcontracting occurred durir

last accounting period.

The tine taken to run the system update fur
depends Iargely on the amount of subcontracting dinil
latest accounting period, because this variable requir
revision of historical databases fromthe beginning
project Once this revision is carried out the values
W and for any given tine reflect the latest kno
about the amount of work that has been subcontracte
average updating time in an accounting period with
subcontracting and about 1,500 work packages, 6,00(
orders, with about 400 of them active is about 1/2
This timing has been obtained for the Production G
System running on a standard PC 486/66. Once th
dating is over, reports are immediately available to an
over the network. It is norml to have printed re
reflecting changes that have occurred up to 24 hours
updat i ng.
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ASTILLEROS ESPANOLES S.A.

FACTORIA DE PUERTO REAL

ISHIP w: I

PROOUCTION CONTROL SYSTEM

REPORT DATE:
DATA AS PER:

[REPORT BY P8BS l lREPGRT TYPE:

PROCESS:

TECH. FAMILY BCWS

ACWP

TCPI

TOTAL

PROCESS:

TECH. FAMILY

az
9

a

e
ACwr

Figure 8. A sample of one accounting period report by process

Reporting Module

The reporting module can produce simple and power-
ful reports that describe the state of a project at any level of
detail. The operation of the module has been designed as
user friendly as possible, for this is the only module used by
most of the shops and production managers. The reports are
offered in numerical and graphical form whenever possible.

o~y ros -ory " e A ¢ e
Presently three types of reports are offered to users.

Cost and schedule reports. (Figures 8 and 9).

These reports allow a user a quick vision of the
variables usual to CSC systems, as shown in the figures.

These values are shown for the last accounting period
or for the last 7 periods, where 7 may be chosen by the user,
with 2 maximum of 6 for reasons of space in the report (all
of them are presented in A4 format). It is possible to obtain
similar reports between two arbitrarily selected updating
dates, grouping all the accounting periods between them.
This utility allows users io analyze performance during a
given period in a shop, for any desired process or interim
product.
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ASTILLEROS ESPANOLES S.A.

FACTORIA DE PUERTO REAL

@P L I

PRODUCTION CONTROL SYSTEM

REPORT DATE: o /o /o
DATA AS PER: Vo /e

!m-:m-r BY 08S * l !mr TYPE:

lmse: l

| P
o el EEEEEEEEEEEEEEEEEEEEE——.

TOTAL
PRCD. UNIT:
Gr.|proc.{T.FAn.| Bows Bews sy ACWP cv BAC EAC cPI TCPY
TOTAL
PROD. UNIT:
GR. |PROC. { T.FAM BCWS BCWS sy ACWP cv BAC EAC CPI TCPI
TOTAL

BCWS Bcws sv ACWP cv BAC EAC cPr TCPI
|TOTAL SELECTION

BCWS. m% COST WORK SCHEDULED
BCwP,_ BUD COST PERFORMED
SV. "~ SCHEDULE VARIANCE .

e, ACTOAL Eo¥] WORK PERFORMED
CY. COST _VARIANCE

BAC. BUDGET AT COMPLETE __

CPI. COST PERFORMANCE  INDEX

TcPi. TO COMPLETE PERFORMANCE INDEX

Figure 9. A sample of one accounting period report by organization

There is a degree of flexibility allowed to a user for
customizingthe r epor t regarding the selection of the work
packages whose values make up the report The user is
requested to decide the scope of the report using any
combination of the elements of the Product Work Break-
down Structure, the Process Breakdown Structure and the
Organizational Breakdown Structure. The selection process
is organized using the hierarchical nature of these struc-
tures, and has been shown to be quickly comprehended by
users with very little or no computer experience. It is very
easy to seiect the information regarding the whole project,
ashop, al activities of a production group, some processes
carried out by a specified production group, a whole
process, a product, or a combination of products of a certain
level.

Graphic reports are offered, IN  addition to num
ones, covering the evolution of BCWS, BCWP and A
from the beginning of the project. Also the evolution o
CPI maybe followed in a graph.

All reports are interactively obtained and ma
followed on screen or copied on paper. Another prope
the information obtained is that it is possible to obtail
reports for any given accounting period not only fo
current one. This possibility is explained by the exha.
historical records that are kept for the state of the proj
any date since its begning. The only difference that m:
found between the report for a previous accounting pr
(obtained at the time of that period) and the same'
obtained at a later date is that it incorporates al inform
regarding subcontracting that has been generated afte
accounting period ended.
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Reports may be obtained for in-house work, for sub-
contracted work or for a limited combination of both. Also,
in the case of in-house worlk, it may be desired to incor-
porate the service hours to the Budgeted Cost and to the
Actual Cost of Work Performaned, or to obtain areport
showing only the direct costs, without services.

Productivity Reports.

It is possible to obtain at any time during a project or
at its@ an estimate of the technical productivity rates that
have been obtained during the project Productivities are
derived statistically using as observations the actual man-
hours spent in every finished WO included in the desired
selection by Product or Organization.

The productivity is obtained for a single processor a
range of processes, and its scope is determined by a selec-
tion process very similar to that outlined for the previous
reports, but containing only the PBS and the OBS. For
instance, it is easy to obtain the rates for welding thin or
thick pipes (a uniquely determined process with two units
of measurement), when this process is carried out by a
specific production Unit or selecting some of the products
that contain the process it is desired to anayze.

As the system keeps complete historica records of the
evolution of the project, it is possible to ask for reports
about the productivity rates a the end of any accounting
period, not necessarily the last one.

Once the project is finished, the same module is used
to compute statistical estimates of the productivity rates in
terms of the parameters used in the first or second level
definition of a project Those values may be used in figure
estimation of workload.

Report of the Work Carried Outina Peri od of
Ti me

A functionality has been developed to obtain reports
showing the hours charged during a certain period of ting,
selected by the user. The listings show how much effort has
been dedicated during the selected period to a certain range
of tasks. The information offered inlcude the following

Wos that received any charges during the period
scheduled and actual dates for these orders, man-hours
charged during the period and accumulated status at
the beginning and end of the period and cost and
schedul e variance

- Wrk packages acted upon during the period sched-
uled and actual dates for these packages, man-hours
charged during the period and accumulated status at
the beginning and end of the period percentage com-
pleted a beginning and end of period cost and schedu-
le variance, and
Similar information is provided for products that have
received charges during the period.

The range of information may be selected by a similar
process to that described for previous reports.

Auxiliary Modules

There are a number of modules that are necessary for
the operation of the system but add little from the theoretical
point of view. Some of these are

- Utility for backing-up and restoring information
based on those offered by the databases,

- Utiility for initiating a database for a new project with
partial copy from a previous project;
Security system,based on persona and departmental
keys for al functions of the system and an
On-line Help system.

The simple enumeration of these systems makes clear
their function.

SYSTEM IMPLEMENTATION PROCESS

At the beginning of 1993, the Technologica Develop-
ment Direction of the corporation was assigned the task of
defining the theoretical basis of developing and implemen-
ting a production Control System. It was a condition of the
system to agree entirely with the new concepts of construc-
tion by zones and stages and group technology, recently
integrated into the production system of the shipyards
owned by the corporation

The main aim of the assignment was to improve
shipbuilding management within a larger program of
increasing the shipyards competitiveness.

From January to June, 1993, all the theoretica bases of
the System were developed as well as the basic decom-
position structures. The work was jointly carried out by the
Technological Development Direction and production
teams from shipyards. One shipyard was chosen as
the the test facility.

The selected objective was the initia implementation
of the system to control the building of a sophisticated
120,000 DWT shuttle tanker and a sister ship that was to
follow. For this purpose, it was necessary to redefine the
specification of the project according to the System theory,
and accommodate all work packages and later work orders
according to the same theory. A precondition of the work
was to obtain al the information from the shipyard with the
minimum disruption of the systems then being used at the
time. The objective was met adequately.

The analysis and programming of the computer
program that was meant as the system support was began
simultaneously. A decision was made to produce the first
implementation of the computer program on a PC. The idea
was to use an inexpensive device, well known in the ship-
yards and user friendly, which could be easily extended
through alocal network. The program was developed in a
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modular form as has been described Milestones in its de-
velopment and implementation were as shown in Table |1

Specification of the project and baseline analysis

Beginning February, 1993
1st Operational Version |March, 1993
2nd Operational Version {June, 1993

Cost and Variance Reporting
May, 1993
1st Operational Version |{September, 1993
2nd Operational Version |December, 1993

Version 1.0:
1st Operational Version |March, 1994
2nd Operational Version |July, 1994
Operational tests:

May - September, 1993
September, 1993-July, 1994

Beginning

Initial tests
Pilot application

Table I1: Implementation stages of the system

From March 1994, the system has been regularly
applied and it has already been used for three new buil-
dings, two shuttle tankers and a VLCC.

The systm results are considered as officia for control
and personnel purposes in one of the shipyards since the
beginning of September 1994 for steel processes and, from
December 1994, for outfitting processes as well.

The conceptua basis and initid results of the system
have been dicussed with the managers from other corporate
shipyards and the implementation schedule for these
Shipyards has started in September, 1994,

The productivity nodule, containing estimation for
future construction is in the test period and will come into
normal use by Novenber 1994,

| npl ement ation

Implementation in the shipyard and real life application
have not been an easy task. Even with the full cooperation
of the production team, it was necessary to overcome a
number of difficulties, such as noted below

Product Identification and Definition.

The factory already used a product catalogue in its
production system. However, it was necessary to carry out
afurther clarification of existing products. The aim was to
obtain suitable products for production control purposes,
not too small for control operation, not too big and complex

for a meaningful contents definition. This is a contir
effort that is being improved from ship to ship.

Process |dentification.

Asimlar task vas the identification and normliz
of processes, according to Group Technol ogy theory.

Organi zation Definition,

[nitially the existing organizational structure o
factory ves left unchanged but experience in the syste
Is providing clues for its improvement

Work docunent ati on.

The previous work documentation systam has had t
adapted to the requirements for the new Wrk orders. |
necessary to balance the need for more detailed docun
tion of the work orders to the shops with the incr
manpower required to prepare them

Personnel Instruction.

Another worthy task has been to persuade all fo
and workers of the inportance of a correct assignme
spent hours to the actual work order. The reliability of
information is the cornerstone of the whole systemof re
moni toring.

Thi's inplementation process is being enhanced
the production of a System Manual. It contains the oper
nal aspects of the system as well as its influence over
Production Organization. This manual will complenen
programs User Manual, and on-line help.

CONCLUSI ONS AND PLANNED DEVEL OPME

According to expedience, the operation of the ¢
briefly described in this paper has two main advantag

Swift and ad-hoc information thus inproving
agers' decision mking and corrective actions,
based on accurate and tinely information.
Superior capacity for the analysis of efficiency
in the various shops, processes and products.

This situation increases managers capabti
promote improvements in productivity and more act
estimates for future projects. in shom the System he
foresee situations and problems, increasing the compe
ness of the shipyards.

A number of improvements and extensions are pl
for the described Production Control System;
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- Inproved connection to Planning Systers.

- Full development and use of the Product concept Inte-
gration of mterials in the Control System

- Developrent of an object repository for connection
with CAD systens and Production Engineering.
Devel opment of a graphical deviation analysis module.

= Developrent of a module for the simulation of produc-
tion decisions.

The Production Control Systemis meant to be a useful
element in the planned Computer Integrated Manufacturing
System envisioned as necessary to keep yards conpetitive
in the global shipbuilding mrket
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